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PT.ATTNG COMPOSITION RWn PROCESS 

This invention relates to the production of black 
electroless nickel deposits. 

Electroless nickel plating has been known for some 
time. Articles coated with an electroless nickel 
deposit are disclosed, for example, in US-A-3088846. 
There is at present a general commercial need, dictated 
partly by questions of fashion, for black electroless 
nickel deposits, primarily but not exclusively for 
decorative use. Such deposits are typically required 
on, for example, exposed metal components and/or casing 
of televisions, video cassette recorders and hi-fi 
equipment. 

EP-A-0094127 proposes a solution to the problem of 
producing black electroless nickel deposits. It 
discloses that an electroless nickel-coated article can 
be treated in a bath comprising chromate ions, 
phosphate ions and optionally sulphate ions and 
subjected to periodically reversed current. EP-A- 
0094127 suggests that the electroless nickel can be 
deposited from a bath marketed by Enthone under the 
trade name ENPIATE 415. (The word "ENPIATE" is a trade 
mark. ) 

It has been found,, however, that deposits formed by the 
ENPIATE 415 bath and subsequently converted only give a 
properly black layer when the electroless plating bath 
is older than 1, but not more than 3, metal turnovers. 
(A metal turnover is reached when a plating bath has 
plated out that weight of metal ions which were present 



2/21/07, EAST Version: 2.1.0.14 



2 



in the bath originally; during plating the bath is 
replenished with metal ions, and generally with 
reducing agent.) 

Because the electroless plating bath can only 
effectively be used for two metal turnovers, and 
neither of them being the first one, if the deposited 
nickel is subsequently to be blackened, there is 
considerable wastage of plating bath materials, unless 
the plating bath is used for other purposes during the 
first and after the third turnover. 

It has now been discovered that the presence of 
saccharin in an electroless nickel plating bath enables 
nickel to be deposited throughout the bath life and 
that the deposited nickel-phosphorus alloy can 
subsequently be blackened uniformly, or at least in a 
better manner than has been hitherto been possible. 

According to a first aspect of the present invention, 
there is provided an electroless nickel plating 
composition which comprises saccharin. The saccharin 
will generally be present in an amount effective to 
enable deposited nickel to be subsequently blackened. 

It is to be understood that references in this 
specification to a "nickel deposit" include references 
to a deposited alloy of nickel and some other element, 
such as phosphorus, as will typically be produced in 
electroless nickel plating. 

The source of nickel may be nickel sulphate or any 
other convenient soluble nickel salt. The amount of 
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nickel present in the bath may range from 0.1 to 50 
g/1, for example 1 to 25 g/1, typically 2 to 10 g/1. 
In electroless metal plating baths, the metal ion is 
reduced not by electricity but by a chemical reducing 
agent. Any suitable reducing agent for nickel ions can 
be used in the bath, but in practice the preferred 
reducing agent will probably be sodium hypophosphite, 
which gives rise to a nickel phosphorus deposit. The 
reducing agent may be present in the electroless 
plating composition in an amount of from 1 to 100 g/1, 
for example 5 to 50 g/1, typically 20 to 40 g/1. 

In order to avoid premature reduction of the nickel 
ions in bulk solution, it is usual for an electroless 
nickel plating composition to include a complexor for 
the nickel ions. Any convenient complexor can be used, 
but lactic acid is a preferred complexor. (It is to be 
understood that references in this specification to 
lactic acid or any other weak organic acid include 
references to lactate or other corresponding ions, as 
the exact species present will naturally depend upon 
pH.) Other complexors which might be useful apart from 
lactic acid include succinic acid, glycolic acid, malic 
acid and citric acid. The complexor may be present in 
an amount of from 1 to 100 g/1, for example 5 to 50 g/1 
and typically 20 to 40 g/1. Other complexors, 
including mixtures, can be used. 

The saccharin will generally be present or added to the 
bath in soluble form. A suitable soluble form of 
saccharin is sodium saccharin, but other soluble salts 
may be used. The saccharin should be present in the 
bath in at least 0.7 g/1 for good results. Further, if 
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there are more than 2 g/1 present, it has been found 
that sometimes this can give rise to a mottled effect 
after blackening. Between 1.0 and 1.8 g/1, for example 
1.5 g/1 has been found to be a particularly suitable 
amount of saccharin. As further guidance, it has been 
found experimentally that, for bath maintenance, the 
addition of between 25 and 200 mg saccharin per gram of 
nickel consumed has been found to give good results ; 
preferred proportions are between 75 and 125 mg 
saccharin per gram of nickel, with the addition of 
about 100 mg saccharin per gram of nickel being 
apparently optimal. 

A buffer may be present in the bath. The buffer may be 
an acetic acid/acetate system, although any other 
buffer, for example based on a weak organic acid and 
its salt, may be used. The buffer may be present in an 
amount of from 1 to 50 g/1, for example 5 to 40 g/1, 
typically 20 to 30 g/1. If sodium acetate is used as 
the buffer, it may be supplied as the trihydrate salt. 

The composition may additionally contain one or more 
stabilisers. In appropriate amounts, lead has been 
found to be a suitable stabiliser' for electroless 
nickel systems. Lead may be supplied as lead acetate 
or as any other suitable soluble lead salt. Lead may 
be present in an amount of from 0.1 to 5 mg/1, for 
example 0.2 to 3 mg/1, typically 0.5 to 1.5 mg/1. 

Sulphur-containing compounds form another class of 
useful stabilisers. One useful compound from this 
class is 3- ( (amino-iminomethyl)thio)-l-propane 
sulphonic acid, although others may be used. The 
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sulphur-containing compound may be present in an amount 
of from 0.1 to 10 mg/1, for example 0.2 to 5 mg/1, 
typically 0.5 to 3 mg/1. 

The pH of the electroless nickel plating composition 
will usually be on the acid side. It may range from 3 
to 6, for example 4 to 5.5, typically 4.5 to 5. 

According to a second aspect of the invention there is 
provided a process for preparing a black electroless 
nickel deposit, the process comprising contacting a 
substrate for the deposit with an electroless nickel 
plating composition comprising saccharin and forming a 
conversion layer comprising chromium. The conversion 
layer may comprise phosphorus and optionally sulphur. 
The conversion layer may in particular comprise a 
hydrated basic chromium phosphate which comprises the 
components CrP0 4 and Cr(0H) 3 , wherein Cr 2 (S0 4 ) 3 may be 
present and in which the weight ratio CR:P:S = 1:(0.2 
to 1.5) : (0 to 0.5) . 

In the formation of the electroless nickel deposit, the 
temperature of the plating composition may range from 
40 to 99°C, for example 60 to 95°C,' typically 85 to 
90°C. Plating may take place for any convenient length 
of time, such as from 5 minutes to 5 hours, depending 
on the thickness required. Plating periods of from 20 
minutes to 2 hours are usual, with periods of from 30 
to 45 minutes being typical to obtain a deposit 
thickness of about 10 microns. 

The conversion layer may contain chromium, phosphorus 
and sulphur, in which the ratio of CR:P:S - 1:1(0-0.2). 
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The conversion layer will generally be formed on an 
electroless nickel plated article treated with periodic 
reverse current, as described in EP-A-0094127, which, 
insofar as the law allows, is herein incorporated by 
reference. The frequency of current reversal may range 
from 0.1 to 50 Hz, for example 0.5 to 25 Hz, typically 
about 1 Hz. 

The ratio of the time for which the electroless nickel 
plated article is the cathode and the time for which it 
is the anode for a given current cycle (t cat / t an ) need 
not be equal to 1. A t cat /t an ratio of from 0.05 to 20 
may in general be suitable, but a t cat /t an ratio of 
less than 1 is preferred. T cat /t an ratios of between 
0.1 and 0.8 inclusive have been found to be the most 
acceptable . 

The current density may typically range from 0.1 to 1 
ASD, for example 0.2 to 0.5 ASD, typically about 0.25 
ASD. 

In an important preferred feature of the invention, it 
has been found that if nitrate ions are present in the 
conversion composition, the performance is improved: 
improvements in the throwing power have been observed, 
and the tendency of greenish colours to be formed in 
high current density regions was significantly reduced. 
The conversion composition therefore preferably 
contains nitrate ions, which may be added as nitric 
acid. From 1 to 10 ml/1 nitric acid (65%) has been 
found to be suitable, for example 5 to 10 ml/1, with 
about 7.5 ml/1 being optimal. 
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The chromate ions in the conversion composition may be 
present in an amount of from 1 to 40 g/1 Cr0 3 , for 
example 2 to 20 g/1, typically 5 to 15 g/1. Phosphate 
ions may be present in an amount as would be provided 
for by the addition of from 1 to 60 ml/1, concentrated 
phosphoric acid, for example from 2 to 4 0 ml/1, 
typically 10 to 30 ml/1. Sulphate ions may be present 
in an amount provided by from 0 to 10 ml/1 concentrated 
sulphuric acid, for example 0.1 to 5 ml/1, typically 
0.5 to 3 ml/1. 

Other preferred features of the conversion composition 
and the conversion process are to be found in EP-A- 
0094127. 

The invention will now be illustrated by the following, 
examples. 

fixample 1 

An electroless nickel plating composition was made up 
in water as follows: 



Ni 2+ (as nickel sulphate) 


6.2 g/1 


Lactic acid (80% w/v) 


30.0 ml/1 


CH3COO Na.3H 2 0 


24.0 g/1 


Sod. hypophosphite 


30.0 g/1 


Pb 2+ (as lead acetate) 


1.3 mg/1 


3- ( (aminoimmunomethyl) thio) - 


2.0 mg/1 


1-propane sulphonic acid 


NaOH approx 


3.6 g/1 


Na saccharin 


1.5 g/1 


pH 


4.8 
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A steel panel was plated in the above composition for 
35 minutes at pH 4 .'9 and at a temperature of 89°C. 

Example 2 

The nickel-plated steel panel resulting from Example 1 
was treated in a solution of the following formulation: 



Cr0 3 1° 9/ 1 

H 3 P0 4 (85%) 20 ml/1 

H 2 S0 4 (98%) 2 ml/1 

under periodic reverse current conditions, as described 
generally in EP-A-0094127 , but using the following 
specific parameters: 

Anodic time 
Cathodic time 
Current density. 
Temperature 

The electrolytic treatment continued for 30 minutes. 
An excellent uniform black deposit was obtained. 

Example 3 

Steel panels were plated as described in Example 1. 
During plating, nickel was added, together with 
appropriate extra amounts of hypophosphite and 
stabiliser, to bring the ingredients back to their 
original concentrations. Further lactic acid was added 
so as to prevent precipitation of nickel orthophosphite 
which is an unavoidable by-product of the process. 



0 . 8 seconds 
0 . 2 seconds 
0.25 ASD 
20-22°C 
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After 1, 2, 3, 4 and 5 metal turnovers, a steel panel 
was subjected to the conversion process described in 
Example 2. In each case, an excellent uniform black 
deposit was obtained. 

Comparison Example 

A steel panel was plated with electroless nickel in a 
composition as described in Example 1, except that the 
sodium saccharin was omitted. After 1 metal turnover, 
the steel panel was extracted and subjected to the 
conversion process described in Example 2. High 
current density areas of the converted nickel deposit 
were dark green, medium current density areas were 
black with some iridescence, and low current density 
areas were iridescent and dark; a satisfactory black 
deposit was not obtained. 
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CLAIMS 

1. An electroless nickel plating composition which 
comprises saccharin. 

2. A composition as claimed in claim 1, wherein 
nickel is present in an amount of from 1 to 25 g/1. 

3. A composition as claimed in claim 1 or 2, 
comprising a reducing agent present in an amount of 
from 5 to 50 g/1. 

4. A composition as claimed in claim 3, wherein the 
reducing agent is sodium hypophosphite. 

5. A composition as claimed in any one of claims 1 to 
4, comprising a complexor for the nickel ions present 
in an amount of from 5 to 50 g/1. 

6. A composition as claimed in claim 5, wherein the 
complexor comprises lactic acid. 

7. A composition as claimed in any one of claims 1 to 

6, wherein the saccharin is present in an amount of at 
least 0.7 g/1. 

8. A composition as claimed in any one of claims 1 to 

7, wherein the saccharin is present in an amount up to 

2 g/1- 

9. A composition as claimed in any one of claims 1 to 

8, which comprises from 5 to 40 g/1 of buffer. 
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10. A composition as claimed in claim 9, wherein the 
buffer comprises acetic acid. 

11. A composition as claimed in any one of claims 1 to 
10, which comprises one or more stabilisers. 

12. A process for preparing a black electroless nickel 
deposit, the process comprising contacting a substrate 
for the deposit with an electroless nickel plating 
composition comprising saccharin and forming a 
conversion layer comprising chromium. 

13. A process as claimed in claim 12, wherein the 
conversion layer comprises phosphorus and optionally 
sulphur . 

14. A process as claimed in claim 13, wherein the 
conversion layer comprises a hydrated basic chromium 
phosphate which comprises the components CrP0 4 and 
Cr(OH) 3 , wherein Cr 2 (S0 4 ) 3 may be present and in which 
the weight ratio CR:P:S = l:(0.2 to 1.5) : (0 to 0.5). 

15. A process as claimed in claim 12, 13, or 14, 
wherein the conversion layer is formed by treatment in 
a conversion composition with periodically reversed 
current. 

16. A process as claimed in claim 15, wherein the 
frequency of current reversal is from 0.5 to 25 Hz. 

17. A process as claimed in any one of claims 12 to 
16, wherein the ratio of the time for which the 
electroless nickel plated article is the cathode and 
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the time for which it is the anode for a given current 
cycle (t cat / t an ) is from 0.1 to 0.8. 

18. A process as claimed in any one of claims 12 to 
17, wherein the conversion layer is formed by contact 
with a conversion composition comprising nitrate ions. 

19. A process as claimed in claim 18, wherein nitrate 
ions are present in an amount as is provided by from 5 
to 10 ml/1 nitric acid (65%). 

20. A process as claimed in any one of claims 12 to 19 
wherein conversion takes place by contact with a 
composition comprising from 2 to 20 g/1 Cr0 3 - 

21. A process as claimed in any one of claims 12 to 20 
wherein conversion takes place by contact with a 
composition comprising phosphate ions in an amount as 
is provided by from 2 to 40 ml/1 concentrated 
phosphoric acid. 

22. A process as claimed in any one of claims 12 to 21 
wherein conversion takes place by contact with a 
composition comprising sulphate ions in an amount as is 
provided by from 0.1 to 5 ml/1 concentrated sulphuric 
acid. 
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